How to best utilize the wide range of estimates of elasticities that characterize econometric literature when using calibrated models is the issue we address here through a blending of econometrics and calibration into calibmetrics. Econometrically generated literature based elasticity parameters are typically used in calibrated models a very simple manner, appealing to a single value. Here we explicitly incorporate the full range of values of elasticities yielded by econometric studies in both the calibration procedure employed and the uses made of a calibrated model. This is important because the ranges for such values can be large. This allows us to assess how uncertainty in exogenously specified parameter values affects the performance of calibrated models, and how much added information is obtained by using the full range of literature estimates of key parameters in calibration.
Introduction
Much of the literature on calibration debates the relative merits of calibration and econometrics as if these were mutually exclusive choices. The papers in a symposium issue of the Journal of Economic Perspectives in 1996 all take this approach with papers by Sims (1996) , Hansen and Heckman (1996) , and Kydland and Prescott (1996) . These and later contributions are summarized in Dawkins, Srinivasan, and Whalley (2001).
Here we take a different approach, arguing that calibrated models now occupy a central position in what is accepted in many circles as empirical work in economics and so the coexistence of econometrically estimated and calibrated models is the defacto situation. To us, the more realistic approach to calibration and econometrics seems to be to blend the two rather than argue their merits. We refer to this as calibmetrics.
In most calibration exercises elasticity parameters play a critical role since these are exogenously specified and econometric studies are typically appealed to justify the choices of parameter values. Usually, single values are used with some form of sensitivity analysis frequently employed. However, the reality is that for key elasticity parameters, such as for labour supply, capital labour substitution, intertemporal substitution, import demand, and others, the literature is characterized by wide ranges of estimates and even contrary signs for some estimates (see Killingsworth (1984) , Piggott and Whalley (1985) , Stern, Francis, and Schumacher (1976) ). These differences in estimates occur for many reasons. Elasticity concepts differ across studies (compensated versus uncompensated, for instance), estimation methods differ, time periods vary, and sample sizes differ.
How to best utilize such a wide range of estimates in calibrated models is the issue we address here through calibmetrics. Our aim is to more fully explore the use of literature based econometrically generated elasticity parameters in calibrated models beyond what is typical in the literature. Our approach is to explicitly incorporate the full range of values of elasticities yielded by econometric studies in both the calibration procedure employed and the uses made of the calibrated model, asking how uncertainty in exogenously specified parameter values affects the performance of calibrated models.
Unfortunately the meaning of the term calibration varies from author to author and subarea to subarea. In microcalibrations, the roles of exogenous and endogenous variables are reversed with an equilibrium being treated as observed with calibration used simply to infer parameter values consistent with the observation. This typically requires data preadjustment since raw data do not meet the necessary equilibrium conditions of the model.
In macrocalibrations parsimonious stochastic dynamic models are used which usually cannot be fitted exactly to data. Calibration in these cases then tries to obtain parameterizations for which model solutions are close to data, usually with little or no preadjustment to ensure full data admissibility to the equilibrium conditions in the model.
We use recent general equilibrium calibration and decomposition work due to Abrego and Whalley (2003) as the vehicle for our investigation. In this, these authors seek to evaluate the underlying causes of increases in the relative wage of skilled to unskilled labour in the UK between 1979 and 1995. Key elasticity values enter their calculations in a major way. Using UK data for both years they prespecify skilled-unskilled labour substitution elasticities in production and calibrate a two-period equilibrium structure so as to determine calibrated but data consistent rates of either skill or sector biased technical change.
Between these years large differences in the ratio of skilled to unskilled wage rates are observed along with surges of imports of unskilled intensive goods and changes in the relative prices of unskilled and skilled intensive goods. The issue they address is how important each of these separate changes is in accounting for the observed total wage ratio change.
Removing either technical change or relative price change from the second period equilibrium calculation allows them to decompose the influence of either on relative wage change using counterfactual equilibrium computation.
Abrego and Whalley adopt a procedure found in many other modeling efforts of using a single central tendency value, appealing to econometric literature estimates and citing a study by Hamermesh (1993) We focus on questions not addressed by Abrego and Whalley in our application here of calibmetrics. One is whether observations of large positive relative wage change for some economies (eg. US, UK) and close to zero for others (eg. Canada, France) can be consistent with the same model structure and only reflect parametric differences, or whether different structural models (such as those including unions, for instance) are needed to account for such observations. Another is how estimates of decompositions are affected by taking into account the full range of literature elasticity estimates.
We use a compendium of estimates of elasticities of skilled-unskilled labour substitution due to Hamermesh (1993) to infer the parameters of an assumed lognormal distribution (and later other distributions) of parameter estimates for the key Abrego-Whalley elasticity parameters (discarding all negative elasticity estimates). We then choose ranges around the wage change taken as observed in two economies, and using calibration and decomposition find the implied range of elasticities needed for any claimed contribution of international price change to observed wage change within the range. We then calculate the likelihood of the two target ranges of wage change occurring together, which we find to be small.
We also make a number of other calculations using the same approach. We assess the added information obtained by using a lognormal distribution compared to a uniform prior over a prespecified range of parameter values for these same calculations, implicitly asking what is the added value of using econometric estimates of elasticity parameters over an assumed range. We also grade and evaluate 14 estimates of substitution elasticities, showing how the use of various individual and subgroup estimates makes a substantial difference to model calculations of likelihood. We also use the same distributional approach to elasticity parameter specification to calculate likelihood values for the decompositions performed by Abrego and Whalley. We compare these to the decomposition results reported by Abrego and Whalley using this single central tendency elasticity estimate.
Our conclusion is that the ways in which elasticity parameters are used in calibrated models affects results in significant ways, in part because a wide range of estimated values exists in the literature and how one selects among these matters. While this conclusion may not seem surprising, the methods we exposit do, in our view, highlight the need for empirical work in economics to be as concerned with the numerical behaviour of analytical structures under different parameter settings as with more conventional hypothesis testing and forecasting. Calibmetrics represents this form of evolution in numerical simulation analysis. Here there is no hypothesis testing and no forecast, but the likelihood calculations produced are insightful for the subjective judgments on model choice that all empirical economists ultimately confront.
Abrego and Whalley's Decomposition Experiments
In their decomposition work Abrego and Whalley use a model of a small open, pricetaking economy calibrated to UK data for two years (1979 and 1995) . During the period they study a substantial increase in wage inequality occurred in the UK with the relative wage of skilled to unskilled labour increasing by around 25%. The issue they discuss is what portion of observed wage change can be attributed to import surges of low-wage goods which adversely affect unskilled labour and which to skill biased technical change. The UK, like other OECD countries, generally imports low-skill intensive goods and exports high-skill intensive goods. 
Production
On the production side of the economy, they treat the UK as a small open price-taking economy that produces two goods, M and E, both of which are traded at fixed world prices in period t (P it ; i = M, E). The production of each good in each period requires the use of two mobile factors: skilled labour, S, and unskilled labour, U , along with a sector-specific fixed factor. Production, consumption and trade take place in each of the two time periods, 1 and 2, which they refer to as the initial and terminal periods.
Each good in each period is produced according to a decreasing returns to scale tech-nology:
where Y it represents output of good i in period t, L it is the use of a composite labour input, and A it denotes a sector-specific efficiency measure for a composite labour factor input. a it is the elasticity of output with respect to composite labour, assumed to be strictly less than one to yield decreasing returns to scale.
The composite labour input in each sector, L it , is, in turn, a CES aggregate of skilled and unskilled labor, S it and U it , used in sector i in period t, i.e.
where B it defines units for composite labor used in sector i in period t, and β it is the CES share parameter in the aggregation function. δ U t and δ S t are factor-augmenting technical change parameters which capture changes in input quality over time. σ it denotes the elasticity of substitution between unskilled and skilled labour in sector i in period t.
Combining (1) and (2) for each sector in each period yields
where the units parameter in the consolidated function (3) γ it = A it B it . Consistent with the Ricardo-Viner approach, this production function implicitly defines a fixed factor in each sector with a Cobb-Douglas share of (1 − α it ). In (3), changes in γ it represent sectorspecific, Hicks-neutral technical change, while δ U t and δ S t determine factor-biased technical change. In the empirical implementation of their model, Abrego and Whalley assume that production of M , the importable good, is intensive in unskilled labour in both periods, i.e. β M t > β Et , ∀t (as is the case in most OECD economies).
Labour Markets
Competitive labour markets are assumed with each type of labour paid its marginal value product and full employment of each type of labour in each period. The endowments of skilled and unskilled labour are assumed to be fixed in each time period atS t andŪ t respectively, while varying across periods.
First order conditions for factor demands implied by marginal product pricing are
and
where W U t and W St denote unskilled and skilled wage rates in period t, and P it are the (fixed) world prices for good i in period t. Given the decreasing returns technology set out in (1), payments to skilled and unskilled labour do not exhaust the value of production in each sector. The remaining factor income in the period implied by (1) accrues to the fixed factor in the relevant sector.
Trade and Trade Shocks
Imports and competitive domestically produced goods are treated as homogeneous in the model, with a similar treatment used for exportables. This homogeneity assumption implies that trade flows for any good are always one-way, and that one of the goods is exported and the other imported. In equilibrium a zero trade balance condition holds, i.e.
where T it denotes the net trade of the country (import/export) in the two goods in the period, M it and E it . If good i is exported, domestic production less consumption, T it is positive; if good i is imported, T it is negative.
Trade shocks are modeled as changes in world prices which typically induce increased imports. The shock Abrego and Whalley consider for the UK between 1979 and 1995 is a fall in the relative price of unskilled intensive to skill intensive goods between the two years.
These generate larger imports, adjustment of labour out of the unskilled intensive sector, and increases in exports of skilled-intensive goods.
Equilibrium
Given the small open economy assumption used in the model, goods markets do not clear domestically since they are but part of integrated world markets. Imports and exports reflect positive and negative excess demands which are absorbed or met by world markets (subject to trade balance). The UK, as a small economy, thus faces perfectly elastic demands and supplies at the fixed world prices.
In the model, equilibrium in each period is given by unskilled and skilled wage rates such that each of the two domestic labour markets clear. The value marginal product of each type of labour in each sector is equal to the corresponding wage (as in (4) and (5)), and the fixed factor in each sector i receives the residual return, F it , in period t.
Market clearing conditions for each labour market hold in both periods, with skilled and unskilled wage rates W U t and W St determined such that
The fixed factor in each sector receives the difference between the value of production at world prices and payments to the two types of labour. This enters incomes which, in turn, finance demands.
Consumption of each good is given by the difference between production and net trade, i.e.
where C it denotes consumption of good i in period t. A property of equilibrium in such a model (from Walras Law) is that trade balance holds. Abrego and Whalley's assumed values for both periods leave sixteen production-side parameter values in their model to be determined through calibration. These are output elasticities with respect to composite labour, units terms in sector production functions, CES shares in aggregation functions, and factor biased technological change parameters,
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i.e.
For these parameters to be consistent with the model equilibrium conditions in each time period, the values determined must satisfy the first order conditions (4) and (5), as well as equation (3). This yields a system of 12 equations in 16 unknowns, and additional restrictions are needed to determine parameter values using this system.
Abrego and Whalley first set
which they interpret as a normalization rule for factor-biased technological change.
They then impose further restrictions on model parameterizations to yield an equation system for calibration across the two time periods in which the remaining endogenous model parameters are exactly identified. They use three alternative sets of restrictions, each of which yields an exactly identified system from which parameter values for the model can be determined.
These are
or
Restriction 1 implies that no factor-biased technical change occurs over time. These shocks affect trade flows, which are endogenously determined in the model. Factorbiased technical change is modeled as changes in the technical change parameters δ U t and δ S t . For each model parameterization generated by the three alternative calibrations set out above, they assess the contribution of each component to changes in wage inequality. They do this by first taking the equilibrium of period 1 as the base, and then resolving the model for the second period only including the trade shock. This permits a calculation of the portion of the observed two-period change in wage inequality which can be attributed to the trade shock. They can also accommodate the various restrictions implied by each of the technology parameter changes implied by each of the calibration procedures they use and repeat their procedures. They also assess the impacts of changes in factor endowments on inequality in a similar manner.
The proportions of the total change in wage inequality between the two years attributed in this way to each component need not (and typically will not) sum to the total change in wage inequality actually observed. Each experiment only considers a change in a subset of three exogenous variables, and these have interacting effects which imply that their separate contributions may sum to more or less than the observed wage inequality change. The quantitative significance of this non-additivity property is something revealed by numerical computation.
Abrego and Whalley conclude from their calculations that the contribution of trade shocks to observed increases in wage inequality in the UK is relatively small, but also that the calibration procedures used affect results. If two economies are subject to the same international price shocks, and if technical change flows equally across national borders, there is seemingly a puzzle as to how this could happen. One hypothesis is that the two economies at issue can be represented by the same model structure, but parameter values differ between the economies and hence a different outcome is observed. Another is that different structural models are needed for the two economies to account for the different empirical observations. For instance, it may be that a model of Canada that explicitly incorporates, say, resource rents or labour unions is helpful instead in accounting for differences relative to US experience.
In applying calibmetrics to explore the possible consistency of different outcomes from a common model to two countries with differences in parametric values used in the same model structure, we note the key role played by elasticities of skilled-unskilled labour substitution in the Abrego-Whalley calculations, and the large range of elasticity estimates in the key given both common price and technology shocks and the range of elasticity estimates in Table 1 . We then make calculations of the likelihood of observing different wage changes across economies using the same structural model as common to two economies but with differences allowed in elasticity parameter values. To do this we calibrate the model to the same base case data for the UK and then use different elasticity values for the common skilled-unskilled labour substitution elasticity parameter in place of the value used in the original calibration. In each case we calculate the implied wage rate change for a common price shock.
We begin from the model specification used by Abrego and Whalley and the parameter values generated by their first calibration procedure using an elasticity value of 1.25. We then construct a density function, f (σ), over the common elasticity value used in the two sectors using the range implied by the literature estimates in Table 1 . We first use a lognormal distribution with the mean and variance of this distribution calculated from Table 1 , discarding all elasticity estimates of the wrong sign and letting the range be nonnegative.
We then adopt target values for wage change in two economies of 0% and 25% and use the same UK data and non-elasticity calibrated parameters as Abrego and Whalley to explore whether these ranges apply. This enables us to calculate the density for 0% and 25% wage changes for given ranges around these target values. We use ±2.5% and ±5% as our ranges. 0% and 25% are not the precise values characterizing observed wage changes in two actual economies, but are roughly reflecting of the differences in the 1980's and 90's between the UK and France. Our likelihood estimates are set out in Table 2 , which show small estimates to be involved. These suggest that the likelihood that different observations of wage change across two economies (UK and France) could be consistent with the same structural model, but different values of the elasticity of substitution between skilled and unskilled labour compatible with the distribution of literature estimates is small. Seemingly, the more plausible position is to argue that different structural models (such as with and without unions) are a more satisfactory way to accomodate the phenomenon observed. • Specify range around targets (see below)
• Use non-negative literature estimates of σ to construct lognormal f (σ)
• Calculate joint density for two country wage changes given 2 These are the portion of a total density of unity.
In Table 3 we use alternative uniform density functions to investigate the sensitivity of the results in Table 2 . We use a range of values of σ given by their minimum and maximum values reported in Table 1 . We assume a uniform density function instead of the lognormal distribution used above. The calculated likelihood estimates change substantially (by a factor of approximately 3) when the form of density functions used is varied. These are considerably lower in the uniform density case, since the target values of 0% and 25% change are concentrated in regions of the lognormal density functions with large mass.
We interpret these calculations as providing an assessment of how the full distribution of literature estimates of elasticity parameter values can change or inform estimates of likelihood of observing joint wage outcomes across two economies using the same structural model. A. Experiment
• Same as Table 2 • Now repeated for uniform prior for σ, i.e. uniform density function f (σ) over a prespecified range B. Results (Targets for wage change (0%, 25%))
Range of wage change ±2.5% ±5.0%
literature uniform density literature uniform density Table 3 , with estimates spanning a range of 5:1.
They still remain small, however. Table 7 . These show some degrees of sensitivity of results to the procedure used but the impacts are small. Interestingly, while using the full range of σ values from econometric literature in calculations of joint likelihood of wage change seems to make a large difference, for the decomposition results themselves as reported by Abrego and Whalley the impacts seem small. This highlights how calibmetrics as a procedure and approach will both vary from question to question, and yield different insights. In an assessment of how important it is to use the full range of literature estimates for key parameters in calibrated models here it matters for reconciling joint economy outcomes with model structures but for decomposition results it appears not play such a large role. wide rage of econometric estimates of key parameters when using calibrated models.
We draw on a study of the UK of trade effects on relative skilled and unskilled wage rates due to Abrego and Whalley using data for 1979 and 1995 which utilizes a single elasticity parameter value for te elasticity of substitutions between skilled and unskilled labour loosely justified by appealing to a literature compendium produced by Hamermesh (1993 form. We use a range of procedures to explore the likelihood of model observations of joint wage changes across economies, using a similar parameter specification for a common model using the full variation in elasticity parameters across economies. We also assess the implications for decompositional analysis for each of a number of underlying factors driving changes in relative skilled-unskilled wage changes over time. Calibmetric results are sensitive to the procedures used, and using the full range of literature estimates changes the model results significantly. Interestingly, using the full range of calibmetrically generated estimates seems to make large difference to likelihood calculations but only a small difference to decomposition results.
